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(57) ABSTRACT

A carbon dioxide removal system includes a chilled ammo-
nia carbon capture system; an absorber refrigeration system
in fluid communication with the chilled ammonia system;
and a heat recovery steam generator (HRSG) in fluid com-
munication with the chilled ammonia system and the
absorber refrigeration system.
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FIG. 1
PRIOR ART
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FIG. 2

COP for Mechanical Refrigeration System as a function of
Ambient Temperature

Refrigeration COP

0 15 20 25 30 35 40 45
Ambient Wet Bulb Temperature (°C)
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FIG. 5

Electrical Consumption for Mechanical Refrigeration
System as a function of Ambient Temperature

Electrical Load (KWe)

10 15 20 25 30 35 40 45
Ambient Wet Bulb Temperature (°C)
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FIG. 6

Electrical Consumption for Absorption Refrigeration
System as a function of COPyp,

Electrical Load (KWe)

0.6 0.7 0.8 0.9 1.0 1.1 1.2
COPy,
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FIG. 7

Delta between Mechanical and Absorption Refrigeration System as a function of
Ambient Temperature

Electrical Load, KWe
|

0 :;_/'/
1012 1416 18 20 22 24 26 28 30 32 34 36 38 40 42 44
Ambient Wet Bulb Temperature, °C

—e— Wwith stripper overhead heat integration
—=— w/o stripper overhead heat integration
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1
CARBON DIOXIDE REMOVAL SYSTEM
USING ABSORPTION REFRIGERATION

TECHNICAL FIELD

The present disclosure generally relates to increasing the
efficiency of carbon capture systems and reducing the power
consumed during carbon capture processing. More specifi-
cally, the present disclosure relates to a system and method
for reducing the power needed to perform a carbon capture
process, especially a system and method for reducing the
power needed to perform the Chilled Ammonia Process
(CAP) by using an alternative refrigeration system to a
mechanical refrigeration system.

BACKGROUND

Most of the energy used in the world today is derived
from the combustion of carbon and hydrogen containing
fuels such as coal, oil and natural gas. In addition to carbon
and hydrogen, these fuels contain oxygen, moisture and
contaminants such as ash, sulfur, nitrogen compounds, chlo-
rine, mercury and other trace elements. Awareness of the
damaging effects of the contaminants released during com-
bustion triggers the enforcement of even more stringent
limits on emissions from power plants, refineries and other
industrial processes. There is an increased pressure on
operators of such plants to achieve near zero emission of
contaminants and to reduce carbon dioxide (CO,) emission.

The art teaches various processes and technologies
designed in an attempt to reduce the emission of contami-
nants from combustion gases. For example, baghouses,
electrostatic precipitators and wet scrubbers may be
employed in some processes to capture particulate matter.
Various chemical processing also may be employed to
reduce sulfur oxides, hydrogen chloride (HCI) and hydrogen
fluoride (HF) emissions. Additionally, combustion modifi-
cations and NO_ reduction processes may be used to reduce
NO, emissions.

Significant progress has been made in the last twenty to
thirty-five years and plants today are much cleaner and safer
to the environment than in the past. However, there are
growing indications that even small concentrations of par-
ticulate matter and especially the very fine, less than 2.5
micron size particles (referred to as “PM2.5”), sulfur oxides,
acid mist and mercury may be harmful to human health and
need to be controlled. Additionally, in the last few years,
there has been a growing concern related to the accumula-
tion of CO,, a greenhouse gas, in the atmosphere. The
accelerated increase of CO, concentration in the atmosphere
is attributed to the growing use of fuels, such as coal, oil and
gas, which release billions of tons of CO, into the atmo-
sphere every year.

Reduction in CO, emission can be achieved by improving
efficiency of energy utilization, by switching to lower carbon
concentration fuels and by using alternative, CO, neutral,
energy sources. However, CO, emitting fuels will likely
continue to be the main source of energy in the foreseeable
future. Consequently, a low cost, low energy consuming
process for capturing and sequestering CO, is needed to
assist in reversing the trend of global warming.

One such process for capturing and sequestering CO, is
the Chilled Ammonia Process (CAP) developed by Alstom
Power. The chilled ammonia capture method developed by
Alstom could remove up to or greater than 90% of CO, from
combustion gasses. The Chilled Ammonia Process is
described in U.S. Patent Application No. 2008/0072762.
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In the Chilled Ammonia Process, ultra cleaning of com-
bustion gas to near zero concentration of residual contami-
nants followed by the capture of CO, is provided. The high
removal efficiency of residual contaminants is accomplished
by direct contact cooling and scrubbing of the gas with cold
water. Through this chilling, the temperature of the com-
bustion gas is reduced to 0° C. to 20° C. to achieve
maximum condensation and gas cleaning effect. The CO, is
then captured from the cooled and clean flue gas in a CO,
absorber utilizing an ammoniated solution or slurry in the
NH;—CO,H,0 system. The absorber typically operates at
0° C. to 40° C. depending on the specific applications.
Regeneration is accomplished by elevating the pressure and
temperature of the CO, rich solution from the absorber. The
CO, vapor pressure is high and a pressurized CO, stream,
with low concentration of NH; and water vapor is generated.
The high pressure CO, stream is cooled and washed to
recover the ammonia and moisture from the gas.

Accordingly, as indicated above, the first step of the
Chilled Ammonia Process is scrubbing and cooling the gas
with cold water to reduce the temperature of the gas to 0° C.
to 20° C. to achieve maximum condensation and gas clean-
ing effect. The combustion gas is cooled by passing the gas
by Direct Contact Coolers (DCC). The coolers use chilled
water to contact and cool the gas. The water is chilled using
one or more mechanical refrigeration systems. The chilled
water is then fed through the DCC, which reduces the
temperature of the combustion gas, washes and scrubs the
gas, captures residual contaminants in the gas, and lowers
the moisture content of the gas. It should be understood that
different variations of the Chilled Ammonia Process are
known. As used herein, the Chilled Ammonia Process refers
generally to any carbon capture process that includes the
steps of cooling a combustion gas and using an ammoniated
solution or slurry to remove CO, from the chilled gas. It is
noted that the combustion gas is cooled not only in the DCC,
but also in the absorber and water wash sections. Apart from
cooling, a significant portion of the CO, absorption heat is
also removed by using the referenced mechanical refrigera-
tion system depending on the ambient conditions and spe-
cific applications.

It is further noted that the mechanical refrigeration sys-
tems employed in the afore-referenced CAP system for
reducing CO, in combustion gases and which are used to
cool the combustion gases require a significant amount of
power. The necessary consumption of power materially
decreases the efficiency of the power plant and increases the
overall per unit cost of electricity produced by the power
plant.

Regarding the afore-referenced mechanical refrigeration
systems of the Chilled Ammonia Process, combustion gases
are cooled with water chilled by one or more of these
refrigeration systems. The water is chilled using vapor
compression-direct expansion refrigeration cycles. With ref-
erence to FIG. 1 and as also shown in U.S. Patent Applica-
tion No. 2011/0173981, a known vapor compression-direct
expansion refrigeration cycle 123 is shown. The system
includes a conduit 124 providing fluid communication
between four elements: a compressor 122, a condenser 126,
a throttle 128, and an evaporator 130. A refrigerant, i.e.,
working fluid, circulates in the conduit 124. The working
fluid enters the compressor 122 as a vapor. The compressor
122 consumes power to isentropically compress the vapor.
The working fluid exits the compressor 122 as a high
pressure vapor and flows to the condenser 126. In the
condenser 126, heat is rejected from the working fluid at
constant pressure. The working fluid exits the condenser as
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saturated liquid. Next, the working fluid passes through the
expansion valve 128 (also called throttle valve). The expan-
sion valve 128 abruptly decreases the pressure of the work-
ing fluid at the required evaporation conditions, causing
flash evaporation and auto-refrigeration. The liquid then
travels through the evaporator 130 and is completely vapor-
ized and sent to the compressor inlet, such that the vapor is
directly sent to the compressor inlet. The vaporization
absorbs surrounding energy, thereby providing the required
cooling effect. The absorption of energy during this step is
used to chill the water or process solutions for cooling the
combustion gases. The resulting working fluid returns to the
compressor 122, thereby completing the refrigeration cycle
123. The refrigeration cycle 123, and specifically the com-
pressor, consumes significant power, thereby reducing the
overall efficiency of the power plant.

Accordingly, there exists a need for systems and processes
for reducing the power required to perform, e.g., the Chilled
Ammonia Process for cleaning a combustion gas.

SUMMARY

According to aspects illustrated herein, there is provided
a carbon dioxide removal system. The system comprises a
chilled ammonia carbon capture system; an absorber refrig-
eration system in fluid communication with the chilled
ammonia system; and a heat recovery steam generator
(HRSG) in fluid communication with the chilled ammonia
system and the absorber refrigeration system.

According to another aspect illustrated herein, there is
provided a method for reducing power consumed during a
carbon capture process. The method comprises, in a carbon
dioxide removal system comprising: a chilled ammonia
carbon capture system; an absorber refrigeration system in
fluid communication with the chilled ammonia system; and
a heat recovery steam generator (HRSG) in fluid commu-
nication with the chilled ammonia system and the absorber
refrigeration system, contacting the chilled ammonia carbon
capture system with the absorber refrigeration system with-
out the use of a mechanical refrigeration system.

The above described and other features are exemplified by
the following figures and in the detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

Referring now to the figures, which are exemplary
embodiments, and wherein the like elements are numbered
alike:

FIG. 1 is a schematic (Prior Art) illustrating a mechanical
refrigerant cycle.

FIG. 2 is a graph depicting that mechanical refrigeration
Coeflicient of Performance (COP) decreases significantly
with an increase in ambient temperature;

FIG. 3 is a schematic depiction of an integrated CO,
capture system for a combined cycle power plant by using
absorption refrigeration;

FIG. 4 is another schematic depiction of an integrated
CO, capture system for a combined cycle power plant by
using absorption refrigeration;

FIG. 5 is a graph depicting electrical load for mechanical
refrigeration as a function of ambient temperature;

FIG. 6 is a graph depicting electrical load for absorption
refrigeration as a function of COP; and

FIG. 7 is a graph depicting the difference between
mechanical and absorption/absorber refrigeration system as
a function of ambient temperature.
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4
DETAILED DESCRIPTION

The inventor has determined an alternative to the use of
mechanical refrigeration in carbon capture processing, par-
ticularly in the Chilled Ammonia Process (CAP). As
explained above, in the Chilled Ammonia Process (CAP), a
mechanical refrigeration system is employed to maintain the
process conditions below ambient temperature. However,
mechanical refrigeration consumes significant amount of
electrical power and increases exponentially with an
increase in the ambient temperature. For example, as shown
in FIG. 2, mechanical refrigeration Coefficient of Perfor-
mance (COP) decreases significantly with an increase in
ambient temperature. Particularly, at these higher ambient
conditions shown, e.g. in FIG. 2, the inventor has deter-
mined that use of an absorption refrigeration system (refrig-
erant absorber), such as an ammonia-water system or a
LiBr-water system, as described in further detail below, is an
attractive alternative to traditional mechanical refrigeration
in terms of, e.g., reducing power consumption of the overall
carbon capture system.

Accordingly, the inventor has determined that employing
an absorption refrigeration system for, e.g., a combined
cycle power plant where heat from an incoming gas stream
(e.g., flue gas stream) in combination with heat from a CAP
stripper overhead section can be used to drive the absorption
refrigeration system, according to embodiments. In a CAP
stripper, for example, the CAP stripper functions to separate
a water/ammonia/CO, solution absorbed in the water wash
column. The ammonia is returned to the CO, absorber for
capture of CO,, and water is returned to the water wash
column for ammonia capture.

Flue gas from a combined cycle power plant typically has
low concentrations of CO, (e.g., about 3 to about 5 volume
percent) and thus has a high thermal duty per Megawatt
electric (MWe) generation. To drive absorption refrigera-
tion, the heat from the incoming gas stream, e.g. flue gas, can
be extracted along with the heat from the CAP stripper
overhead section, which can be between about 50 to about
60 percent of the regenerator duty from the combined cycle
CAP process. Embodiments of the invention can recover the
stripper overhead heat duty, which could otherwise would be
wasted to the cooling water. Accordingly, embodiments
described herein can reduce the operating cost of the CAP
process at, e.g. higher ambient conditions, and especially
reduce the operating cost of the refrigeration system for the
CAP process. It is further noted that while the descriptions
of the embodiments herein primarily refer to a combined
cycle power plant, the descriptions are also applicable to,
e.g., a PC (Pulverized Coal) based power plant.

Referring now to FIG. 3, schematically depicted therein
according to an embodiment is system 10, which is an
integrated CO, capture system for a combined cycle power
plant by using absorption refrigeration. As will be explained
in further detail below, heat from the incoming gas stream,
e.g., flue gas stream, in the heat recovery steam generator
(HRSG) is extracted to drive the refrigerant from the refrig-
erant stripper and the absorbent from, e.g., the stripper
bottom is recycled back to the refrigerant absorber to capture
the incoming vapor refrigerant to complete the cycle. The
steam from the HRSG can also be used within the CAP
process, and the recovered refrigerant from the refrigerant
stripper can be used to cool the process solution to the
desired temperatures, as shown in FIG. 3.

As shown in FIG. 3, system 10 includes a CO, capture
unit 74 in fluid communication with a HRSG 35, a reboiler
80, a refrigerant stripper 92 and a refrigerant absorber
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system (absorber refrigeration system) 110, described in
further detail below. It has been determined that use of the
absorber refrigeration system 110, as opposed to a mechani-
cal refrigeration technique results in a significant reduction
of overall power needed for the system 10.

In the exemplary system 10 shown in FIG. 3, air is
initially injected into compressor 22 via stream 20 where the
air is compressed and then exits the compressor 22 in stream
24. Stream 24 comprising the compressed air then enters
combustion drum 28 where, e.g., natural gas such as fuel
from stream 26 is injected into the combustion drum 28. Gas
stream 30 comprising, e.g., flue gas, exiting the combustion
drum 28 then enters turbine system 34 where the pressure of
the gas stream 30 is reduced, and power is extracted and
generated therein. This processing results in gas stream 30,
e.g. flue gas exhaust, exiting the turbine system 34 in gas
stream 36.

The HRSG 35 shown in FIG. 3 defines a first inlet 37 for
receiving the gas stream 36, a first outlet 61 for exiting gas
stream 62, and a second outlet 71 for exiting gas stream 72.
A heat exchanger of the HRSG 35 includes an outlet 77 for
stream 76 comprising steam and exiting the HRSG 35. The
HRSG 35 further defines a second inlet 90 for receiving
steam condensate from the reboiler 80 via stream 86.

Gas stream 36 entering the HRSG 35 is typically at an
elevated temperature of about 600° C., however, it will be
appreciated that the temperature of this stream, as well as the
pressure, can vary depending upon, e.g., the particulars of
the plant employed. As a non-limiting example, the tem-
perature may be between about 200° C. and about 1000° C.,
and the pressure may be between about 1 bar and about 20
bars. Similarly, it will be further appreciated that the tem-
peratures and pressures of the other various streams dis-
closed herein also could vary depending upon, e.g., the
particulars of the plant, and so forth. The HRSG 35 cools the
temperature of the entering gas stream 36 such that gas
stream 72 exiting the second outlet 71 of the HRSG is at a
temperature typically between about 50° C. to about 100° C.
(at a pressure of about 1 bar), although it will be appreciated
that other reduced temperatures are possible. It is noted that
the HRSG 35 shown in FIG. 3, as well as in FIG. 4 described
below, is typically a single unit operation, but has been
schematically shown herein in two sections (sections 38 and
70) for clarity purposes and ease of reference. It will be
appreciated that if, e.g., more heat is needed to be generated
for the overall process, the temperature of gas stream 62
exiting HRSG first outlet 61 can be increased, accordingly.
Alternatively, if less heat is required, the temperature of
stream 62 can be reduced or cooled, and more heat could be
extracted upstream, if needed. Thus, the temperature of gas
stream 62, as well as the pressure, can be varied to meet
desired processing needs.

The HRSG 35 includes one or more heat exchangers,
wherein at least one heat exchanger includes an outlet 41 in
which stream 40 comprising high pressure steam exits and
then enters high pressure steam turbine 42. Stream 44
thereafter exits the high pressure steam turbine 42 and enters
intermediate pressure steam turbine 46. As further shown in
FIG. 3, stream 48 exiting the intermediate pressure steam
turbine 46 thereafter enters low pressure steam turbine 50.
Stream 52 comprising steam exhaust exits the low pressure
steam turbine 50 and enters condenser 54 in which the steam
exhaust is condensed with the use of cooling water. Stream
56 thereafter exits the condenser 54 and is sent back to the
HRSG via stream 60 to complete the steam cycle. As will be
appreciated, the schematics of FIGS. 3 and 4 represent a
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high level view for illustrations purposes and thus additional
streams, components, and so forth may be included in the
systems described herein.

As further shown in FIG. 3, the CO, capture unit 74 of
system 10, e.g., a Chilled Ammonia Process (CAP) system,
defines a first CO, capture inlet 75 for receiving stream 72
(e.g., flue gas) and a second CO, capture inlet 73 for
receiving steam from the HRSG 35 in stream 78 via stream
76 from the HRSG 35. The CO, capture unit 74 is in fluid
communication with the HRSG 35 via stream 72, and the
HRSG 35 is in further fluid communication with the refrig-
erant stripper 92 and refrigerant absorber 110 via reboiler 80
with use of, e.g., streams 76, 82 and 84. The CAP unit 74 can
also receive the steam from the IP/LP crossover (stream 48),
as per process requirements.

As explained above, in chilled ammonia processing, typi-
cally mechanical refrigeration systems are employed to cool
the combustions gases and such mechanical systems require
a significant amount of power. The inventor notes that the
use of such mechanical refrigeration techniques are highly
dependent upon ambient conditions. For instance, if a plant
is located in a climate such as Canada, the ambient condi-
tions are cooler than, e.g., a plant located in Arizona, and
thus the refrigeration requirements are less at these cooler
ambient conditions. However, at the higher ambient condi-
tions, the mechanical refrigeration needs more power and
thus is not as efficient or effective. Accordingly, system 10
comprising the absorber refrigeration system 110, as
opposed to a mechanical refrigeration unit, can solve the
afore-referenced problems encountered with some prior
mechanical refrigeration techniques. More particularly, as a
non-limiting illustration, the inventor has determined that at
ambient wet bulb temperatures of, e.g., greater than about 5°
C., specifically greater than about 10° C. and greater than
about 15° C., including between about 10° C. and about 40°
C., and between about 12° C. and about 25° C., more
particularly between about 14° C. and about 22° C., the
absorber refrigeration system (refrigerant absorber)
described herein is effective and may be particularly more
effective over mechanical refrigeration techniques. The
absorber refrigeration system is particularly more effective
than the mechanical refrigeration system at an ambient wet
bulb temperature of greater than about 10° C. It is note that
at temperatures less than or equal to about 10° C., an
additional heat source, e.g., free heat source including heat
from gas streams and so forth could be employed with use
of the absorber refrigeration system.

Moreover, the inventor has determined that using heat
generated from the stripper overhead section (e.g., see
stream 120 from CAP stripper condenser 118' entering
refrigerant stripper 92, described below) can reduce the
amount of heat needed in the absorption refrigeration pro-
cess thereby making the overall process more efficient.

As further shown in FIG. 3, system 10 comprises the
reboiler 80 defining a first inlet 81 for receiving steam from
the HRSG 35 via stream 76 and a first outlet 83 in which
condensate from the reboiler 80 exits the first outlet 83 in
stream 86. Accordingly, stream 86 comprises steam conden-
sate as water in the liquid phase. The condensate from the
reboiler 80 is sent to the HRSG 35 to create steam, which is
sent back to the reboiler 80 via stream 76 to, e.g., boil off
ammonia for an ammonia-water refrigeration system.

Refrigerant stripper 92 defines a first inlet 91 for receiving
vapor stream 82 comprising water and ammonia from the
reboiler 80. It will be appreciated, however, that steam/hot
water or other heat source could be employed in licu of the
steam from the HRSG 35. During operation of the reboiler
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80, liquid comprising ammonia and water is drawn from,
e.g., the bottom of the refrigerant stripper 92 at stripper first
outlet 93. The liquid comprising ammonia and water enters
the reboiler 80 via stream 84 where it is heated with steam
from stream 76 to form the vapor stream 82 for reentry into
the refrigerant stripper 92, the objective being to boil off the
ammonia and retain the water, as will be appreciated.

The refrigerant stripper 92 further defines a first refriger-
ant stripper outlet 95, wherein stream 94 exits, e.g., the top
of the refrigerant stripper 92, and also defines a second
refrigerant (absorbent) outlet 201 releasing primarily water
with traces of ammonia. It is noted that stream 94 comprises
vapor and is condensed in the liquid form in the condenser
96 using, e.g., a cooling medium such as cooling water. It is
further noted that any suitable refrigerant may be employed,
such as the use of a lithium-bromide system, an ammonia-
water system, ammonia, combinations thereof, and so forth.
An ammonia refrigerant will be referred to herein for ease of
reference, but in no way is meant to limit the refrigerant to
this particular composition.

As further shown in FIG. 3, stream 94 enters condenser 96
where it is cooled and exits the condenser 96 in stream 100’
as, e.g., substantially pure liquid refrigerant (ammonia),
which then enters heat exchanger 101 for further cooling.
The pressure of the liquid refrigerant can be further reduced
via control valve 113. The reduced pressure liquid refriger-
ant then enters separator 109, wherein a first stream 111
comprising ammonia vapor (e.g., substantially 99.9 percent
ammonia) enters stream 115 exiting the heater 101 and
which comprises heated ammonia. A second stream 107
comprising liquid ammonia exits, e.g., the bottom of the
separator 109 and is sent to heat exchanger 106 (evaporator)
for process cooling. Stream 107 comprises liquid ammonia
refrigerant at the desired conditions of the evaporator 106
for process cooling. The stream 107 is evaporated in evapo-
rator 106 and then returns to the absorber via heat exchanger
101. This evaporation of the liquid refrigerant provides the
required cooling effect for the CAP process.

Stream 115 exiting the heat exchanger 101 and compris-
ing heated ammonia vapor enters refrigerant absorber 110
via refrigerant absorber first inlet 117. Thus, refrigerant
absorber 110 defines a first inlet 117 for receiving stream 115
and a second inlet 119 for receiving stream 122", which exits
refrigerant stripper outlet 201 and comprises mostly water
(lean in ammonia). The refrigerant absorber 110 further
defines a second outlet 121 in which liquid stream 116 rich
in ammonia (e.g., about 30 weight percent ammonia and
about 70 weight percent water) exits the refrigerant absorber
110 via stream 116.

Stream 116 passes through heat exchanger 118 where the
constituents are heated and then heated stream 116 is sent
back to, e.g., the refrigerant stripper 92 via stripper con-
denser 118' overhead section to extract more heat therefrom.
Stream 120 exiting the CAP stripper condenser 118' typi-
cally comprises about 30 weight percent ammonia and about
70 weight percent water. A further example of the constitu-
ents of stream 120 is between about 20 weight percent
ammonia to about 40 weight percent ammonia, balance
water.

The stream 122' comprising, e.g. clean water, exits refrig-
erant stripper outlet 201, is cooled in heat exchanger 118 and
enters the refrigerant absorber 110 via refrigerant absorber
inlet 119. It is further noted that once ammonia is absorbed
in the refrigerant absorber 110, heat is generated which
needs to be removed. Accordingly, as further shown in FIG.
3, heat exchanger 126 can be employed to receive stream
124' comprising an ammonia and water solution from the
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refrigerant absorber 110 and cool this stream using refrig-
erant cooling water to remove heat. Cooled stream 128
exiting the heat exchanger 126 and comprising ammonia and
water can then enter the refrigerant absorber 110 via refrig-
erant absorber inlet 129.

According to embodiments, refrigerant absorber 110 may
comprise any suitable absorption refrigeration system, such
as an ammonia-water system, lithium bromide (LiBr)-water
system, and so forth, and typically operates at atmospheric
conditions, but not limited to only atmospheric conditions.
As will be appreciated, an absorber refrigeration system
employs a heat source to drive the cooling of the system. As
non-limiting examples, a solution of LiBr salt and water, or
a solution of ammonia and water, can be employed in the
refrigerant absorber 110. For a Li—Br-water system, water
is the refrigerant and LiBr is the absorbent. However, it will
be appreciated that for an ammonia-water system, ammonia
is the refrigerant and water is the absorbent.

It is noted that to the inventor’s knowledge such imple-
mentation of a refrigerant absorber 110 on, e.g., gas turbines,
combined cycle power plants and CAP processing, as well
as implementation/integration of, e.g., a stripper overhead in
absorption refrigeration on combined cycle power plants has
not been known before, and such implementation as
described herein has resulted in a surprising reduction in
overall power consumption.

Referring now to FIG. 4, set forth therein is another
schematic depiction of an integrated CO, capture system for
a combined cycle power plant by using absorption refrig-
eration and denoted by reference number 10'. It will be
appreciated that system 10' of FIG. 4 is similar in some
respects to system 10 of FIG. 3. Accordingly, like elements
have been assigned like reference numbers. In contrast to the
liquid refrigerant stream 100" of FIG. 3, stream 100 of FIG.
4 is a vapor stream. More specifically, in the embodiment of
FIG. 3, the use of condenser 96 results in liquid refrigerant
stream 100' exiting therefrom to enter into heat exchanger
101. In contrast, according to the embodiment depicted in
FIG. 4, use of condenser 96 results in vapor refrigerant
stream 100 exiting therefrom which then enters vapor refrig-
erant expander 102. Thereafter, vapor stream 100 enters heat
exchanger 106, wherein stream 108 exiting the heat
exchanger 106 comprises heated vapor refrigerant (e.g.,
ammonia refrigerant) and then enters the refrigerant
absorber 110 via refrigerant absorber inlet 117, as shown in
FIG. 4. It is further noted that heat exchanger 118 of FIG. 3
is also depicted in FIG. 4. Thus, in the embodiment of FIG.
4 if desired, liquid stream 116 rich in ammonia could pass
through heat exchanger 118 prior to entering the refrigerant
stripper 92, as in the case of FIG. 3. Thus, according to the
embodiment of FIG. 4, the refrigerant can be recovered at
higher pressure and then expands to generate power, which
can be used within the CAP process to, e.g., drive a number
of pumps, CO, compressor, and so forth. This processing
can cool the refrigerant substantially below the ambient
temperature conditions, e.g., in the case of an ammonia-
water refrigeration absorber, during the expansion process,
which can be used within the CAP process as a refrigerant
medium to cool the process solution.

It is noted that the embodiment of FIG. 4 is particularly
suitable when the refrigerant requirement is not large, for
example, during sensible heating of the refrigerant. As an
example, if about 1,000 Kilowatt (KW) is the cooling duty,
then this may be achieved with either or both of the
embodiments of FIG. 3 and FIG. 4. However, if the cooling
duty is about 10,000 KW, then the embodiment of FIG. 3
may be employed. It will be appreciated that the foregoing
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is relative to the size of the overall plant, and CO, capture
requirements. It will be further appreciated that the afore-
referenced cooling loads are merely non-limiting examples
as the values depend on such factors as size of the plant, and
so forth. Similarly, it will be appreciated that while various
processing parameters and flow constituents, including tem-
perature, pressure, and so forth, have been set forth above,
these parameters are merely exemplary (i.e., examples of)
suitable parameters, which also may vary depending upon
the particulars of the process, plant, and so forth.

Examples

A high level comparison between a mechanical refrigera-
tion system and an absorption refrigeration system accord-
ing to embodiments and as set forth in FIG. 3 was conducted
at high ambient temperature conditions. More particularly,
according to embodiments, the utilization of stripper over-
head heat recovery with an absorption refrigeration system
was employed.

A detailed operating energy assessment was performed
for both the mechanical and absorption refrigeration systems
and the results are set forth in FIGS. 5 and 6. As shown in
FIG. 5, the electrical load for the mechanical refrigeration
system increases at higher ambient temperatures. FIG. 6
presents the absorption refrigeration equivalent electrical
load as a function of COP for the absorption refrigeration
with a built in credit for the stripper overhead duty. The
electrical load for the absorption refrigeration system
decreases with an increase in COP. The electrical load could
be reduced further by using a double effect absorption
refrigeration system, which may further increase the COP of
the absorption refrigeration.

Based upon the curves of FIGS. 5 and 6, a comparison of
power consumption for the two systems at a 30° C. wet bulb
temperature and absorber refrigeration COP of 0.8 resulted
in a savings of approximately 40 to 50 percent power
consumption for the absorber refrigeration system in com-
parison with the mechanical refrigeration system.

FIG. 7 provides the difference in energy between the
mechanical and absorption/absorber refrigeration system as
a function of ambient temperature. The analysis demon-
strated that the absorption/absorber refrigeration performed
better than the mechanical refrigeration system at certain
tested ambient wet bulb temperatures. Moreover, the absorp-
tion/absorber refrigeration system is also advantageous at
further tested ambient wet bulb temperatures, when a strip-
per overhead heat duty is integrated with the absorption/
absorber refrigeration system, as shown in FIG. 7.

While the components of the systems set forth herein are
described as having various numbers of inlets and outlets,
the present disclosure is not limited in this regard as the
components described herein may have any number of
suitable inlets and/or outlets, as well as pumps, valves and
so forth, without departing from the broader aspects dis-
closed herein. Similarly, while reference is herein made to
various locations, such as top, bottom, and so forth, the
present disclose is not limited to exact locations, as the
various lines and streams disclosed herein can enter/exit at
other locations. Still further, while various streams are
disclosed herein as having exemplary (examples of) tem-
peratures, pressures, and so forth, it will be appreciated by
one of ordinary skill in the art that such parameters depend
upon the particulars of the system and components
employed therein, and thus can vary. For example, it will be
appreciated that the temperature and pressure of, for
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instance, streams 76, 86, 94, and so forth, depend upon the
refrigerant stripper 92 operating conditions.

While the invention has been described with reference to
various exemplary embodiments, it will be understood by
those skilled in the art that various changes may be made and
equivalents may be substituted for elements thereof without
departing from the scope of the invention. In addition, many
modifications may be made to adapt a particular situation or
material to the teachings of the invention without departing
from the essential scope thereof. Therefore, it is intended
that the invention not be limited to the particular embodi-
ment disclosed as the best mode contemplated for carrying
out this invention, but that the invention will include all
embodiments falling within the scope of the appended
claims.

What is claimed is:

1. A carbon dioxide removal system comprising:

a chilled ammonia carbon capture system (CAP);

an absorber refrigeration system in fluid communication
with the chilled ammonia carbon capture system;

a heat recovery steam generator (HRSG) in fluid com-
munication with the chilled ammonia carbon capture
system and the absorber refrigeration system;

a refrigerant stripper and a reboiler both in fluid commu-
nication with the chilled ammonia carbon capture sys-
tem, the absorber refrigeration system, and the HRSG;
and

a CAP stripper condenser in fluid communication with the
refrigerant stripper and the absorber refrigeration sys-
tem.

2. The carbon dioxide removal system of claim 1, wherein
the reboiler is configured to receive steam, and the refrig-
erant stripper is configured to receive a vapor stream com-
prising ammonia and water from the reboiler.

3. The carbon dioxide removal system of claim 2, further
comprising a condenser and a first heat exchanger, wherein
the condenser is configured to receive a vapor refrigerant
from the refrigerant stripper to condense the vapor refrig-
erant using a cooling medium, and the first heat exchanger
is configured to receive the liquid refrigerant from the
condenser to cool the refrigerant.

4. The carbon dioxide removal system of claim 3, wherein
the absorber refrigeration system is selected from the group
consisting of a LiBr-water system and an ammonia-water
system.

5. The carbon dioxide removal system of claim 3, wherein
the absorber refrigeration system is configured to receive
refrigerant from the first heat exchanger.

6. The carbon dioxide removal system of claim 5, further
comprising a second heat exchanger, wherein the second
heat exchanger is configured to receive a liquid stream
comprising the refrigerant from the absorber refrigeration
system to produce a heated liquid stream comprising the
refrigerant.

7. The carbon dioxide removal system of claim 6, wherein
the CAP stripper condenser is configured to receive the
heated liquid stream from the second heat exchanger com-
prising the refrigerant from the absorber refrigeration system
and wherein the refrigerant stripper is configured to receive
the heated liquid stream from the CAP stripper condenser.

8. The carbon dioxide removal system of claim 2, further
comprising a condenser and a first heat exchanger, wherein
the condenser is configured to receive a vapor refrigerant
from the refrigerant stripper, and the first heat exchanger is
configured to receive a liquid refrigerant.
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9. The carbon dioxide removal system of claim 1, wherein
the absorber refrigeration system is configured to operate at
an ambient wet bulb temperature greater than about 5° C.

10. The carbon dioxide removal system of claim 9,
wherein the absorber refrigeration system is configured to
operate at an ambient wet bulb temperature greater than
about 10° C.

11. The carbon dioxide removal system of claim 9,
wherein the absorber refrigeration system is configured to
operate at an ambient wet bulb temperature greater than
about 15° C.

12. A method for reducing power consumed during a
carbon capture process, comprising:

in a carbon dioxide removal system comprising:

a chilled ammonia carbon capture system;

an absorber refrigeration system in fluid communica-
tion with the chilled ammonia carbon capture system
(CAP); and
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a heat recovery steam generator (HRSG) in fluid com-
munication with the chilled ammonia carbon capture
system and the absorber refrigeration system;

contacting the chilled ammonia carbon capture system

with the absorber refrigeration system without the use
of a mechanical refrigeration system; and further com-
prising:

providing a heated liquid stream comprising ammonia
from the absorber refrigeration system to a CAP
stripper condenser; and

providing the heated liquid stream from the CAP
stripper condenser to a refrigerant stripper.

13. The method of claim 12, comprising contacting the
chilled ammonia carbon capture system with the absorber
refrigeration system without the use of a mechanical refrig-
eration system at an ambient wet bulb temperature of greater
than about 5° C.



